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I 
An interpretation of curves obtained in disinfection, hemolysis, and 
similar experiments was given in a  previous paper.  A  general equa- 
tion was offered which made the calculation of the time of survival 
possible if certain simple assumptions were made concerning the rela- 
tion between toxicity and concentration. 
One of the assumptions made was that the toxicity is proportional to 
the concentration.  This assumption led to an equation which agreed 
with the experimental data in a narrow range only.  There were also 
difficulties concerning the possible limits of integration in this case. 
The concentration can obviously be  raised to  any value before the 
time becomes 0.  But in order that this may be possible according to 
the  equation  it  had  to  be  assumed that the  resistance can possess 
negative values.  The meaning of the resistance became thus rather 
vague if not absurd. 
It is now realized that the general equation 
t  ffi  --a ln(k --  r)  -{-k  (1) 
(t  =  time, k  =  toxicity, r  =  resistance, a and k are constants) given 
previously,  is  incompatible with  the assumption that k  = f  (c)N c, 
because if r is constant t becomes negative when c approaches infinity. 
According to  Equation  1,  k  must  approach  a  finite value as  c  ap- 
proaches infinity 
lira he-+. ffi lim f(c)o-oo ---- const. 
* Supplement to the paper which appeared in J. Gen. Physiol., 1934, 17, 409. 
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For t  =  0 one obtains from Equation 1 
k ...... t.  =  a  ln(h0  -- r) 
and 
kh  ....  t.  =  a  ln(h  --  r0). 
Since c approaches infinity when t approaches 0 
ho  =  lira hc=:o 
C 
It was found previously, that if h ~'~  --  where -~ =  const., Equa- 
c+~, 
tion 1 is in satisfactory agreement with the experimental results over 
the entire range tested so far.  Now we find that this relation between 
toxicity and concentration is the simplest one compatible with Equa- 
tion 1.  Its meaning is that with increasing concentrations the toxicity 
approaches a limit because the organisms or certain elements indispen- 
sable for life in them, become saturated with the drug.  On the basis 
of this relation between h and c 
£oo 
ho  --  -  1 
c~  +  7 
and if r is constant and t and c vary 
1  --F 
t ....  t.  =  a  In  --  (2) 
C 
c+~ 
Now the rational assumption that r0  =  0  becomes compatible with 
Equation 1 and we obtain for the case that c is constant and t and r 
vary 
C 
(3) 
c+-r 
C 
--  --  F 
c+,y 
Formulas used  in previous papers  can  be  derived from these  more 
general formulas and thus the numerical values obtained previously 
are correct. L.  ~.L,  CSR  421 
The function used to express the relation between binding (toxicity) 
and concentration  goes over into a linear equation (h ~  c) only if c < < 
(Henry's law).  This function, often considered to be characteristic 
of adsorption, holds for the distribution between two phases (volume 
as well as surface phases) if in one of the phases the volume of the 
bound substance is ~ot negligible.  The  binding  isotherm does not 
enable us to draw conclusions concerning the nature of binding.  The 
applicability of Langmuir's equation indicates only that a saturation 
of the available space is  approached if the  concentration range used 
is wide enough.  A discussion  of this problem was given recently by 
Meyer and Hemmi. 
It is well to emphasize that binding of a  substance by a  hetero- 
geneous material of a complicated structure such as a living organism 
may take place to a different extent by different elements of the cell. 
Not  all  of  this  binding  is  necessarily pharmacologically effective 
(toxic).  The toxic effect will depend on the importance of the phys- 
iological  function  of  the  cellular element which is  affected by the 
binding.  The element which is the most sensitive towards a drug has 
not necessarily the greatest affinity to it.  Thus in certain cases  it 
might be necessary to differentiate between the "effective part of the 
binding"  and  the  "total  binding."  The  effective fraction  of  the 
binding may vary with the concentration of the drug in the surround- 
ing medium, for the isotherm of the binding, (e.g. adsorption isotherm) 
of a drug by different cellular elements will be as a rule different.  The 
total binding is therefore not necessarily proportional to the toxicity. 
II 
We have attributed to each organism a property that it can bind a 
certain amount of a toxic agent and yet live indefinitely.  The maxi- 
mum amount still compatible with life is the resistance or threshold 
value.  It is probable that this assumption is not strictly correct and 
that concentrations below that of the threshold value will also affect 
the organisms but will not kill them in times which would be compa- 
rable to those used in the experiments.  The applicability of Equations 
2 and 3 indicates that a "probable" threshold value (resistance) inde- 
pendent of the  time  can be  attributed to  each organism and  that 
effects below this value are negligible as far as the observed phenome- 422  TOXICITY,  RESISTANCE~ AND  TIME OF SURVIVAL 
non  (death in a  comparatively short time) is concerned.  We have 
found a case since, (trivalent arsenicals on trypanosomes) in which a 
threshold value does not exist or else is a function of time. 
The general objection was made (personal communication) that the 
theory given is too simple to account for the kinetics of a process as 
complicated as the death of an organism.  It is believed that the fact 
that the resistance varies according to the law of probability actually 
proves that the biological processes resulting in resistance are of com- 
plex nature.  It should be also noted that a manifestation of the com- 
plexity of the phenomenon is  also  the fact that  the time of death 
is uncertain.  It only has a probable value.  The standard deviation 
from  this  value  is  great  at  low  concentrations and decreases with 
increasing concentrations. 
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